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(57)  An arrangement for adjusting a clock signal
(115) in a network element (101) of a communications
network comprises a processor device (111 to 114) ar-
ranged to produce a control variable (116) containing in-
formation about synchronisation messages (106 to 109)
received from at least two other network elements (102
to 105). A situation in which the reception from a sending
network element of synchronisation messages of a good
enough quality ceases will not significantly disturb the
clock signal to be adjusted because only a part of the
control variable used for the adjustment depends on syn-
chronisation messages sent by an individual network el-
ement. In an arrangement according to an advantageous
embodiment the reference value of the control variable
is changed in response to a situation where the reception
from a sending network element of synchronisation mes-
sages of a good enough quality ceases. Thus it is pos-
sible to reduce the change of the difference between the
control variable and its reference value which further re-
duces disturbances caused in the clock signal to be ad-
justed.

Method and arrangement for adjustment of a clock signal
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Description
Field of the invention

[0001] The invention relates to a method and arrangement for the adjustment of a clock signal in a network element
of a communications network, which network element is arranged to receive synchronisation messages from at least
two other network elements connected to the communications network. The invention also relates to a network element
of a communications network. The invention also relates to a computer program for adjusting a clock signal.

Background of the invention

[0002] In many communications networks there exists a need to synchronise the clock signals maintained in the
network elements so that the frequencies and possibly also the phases of the clock signals in the network elements are
locked to each other sufficiently well. In some communications networks there additionally exists a need to synchronise
the time of day values maintained in the network elements so that the time of day values of the different network elements
are identical as precisely as possible. In other words, the time of day values maintained in the different network elements
should correspond to a common time to a best possible precision. Such a common time is generally called the universal
wall clock time. The network elements mentioned above may be routers or base stations of a mobile network, for instance.
[0003] Inasolutiondiscussed in Mills, David L., "Network Time Protocol (Version 2) Specification and Implementation”,
IETF RFC-1119 (Internet Engineering Task Force, Request For Comments) the network elements send to other network
elements synchronisation messages based on which each receiving network element adjusts the clock signal maintained
by it. Each sending network element produces its synchronisation messages based on its clock signal. Each receiving
network element usually receives synchronisation messages from more than one sending network element. A receiving
network element is arranged to choose those of the received synchronisation messages that have been sent by a network
element the clock signal of which is, according to certain predetermined criteria, of the best quality among the clock
signals of the sending network elements. The receiving network element is arranged to adjust its clock signal on the
basis of the synchronisation messages selected. In each network element which sends out synchronisation messages,
the clock signal may belong e.g. to one of a plurality of predetermined quality categories, and each receiving network
element may be arranged to select for the adjustment of the clock signal the synchronisation messages of the sending
network element the clock signal of which belongs to the best available quality category.

[0004] A receiving network element may cease to receive synchronisation messages corresponding to a certain
sending network element. Such a situation occurs e.g. when a sending network element becomes faulty or otherwise
goes out of operation or the communications link between the sending network element and receiving network element
becomes faulty or otherwise goes out of operation. If those synchronisation messages, which have been selected by
the receiving network element for the clock signal adjustment, cease to arrive, the clock signal adjustment has to be
continued based on synchronisation messages received from some other sending network element. Changing the clock
signal adjustment so as to be based on synchronisation messages received from some other sending network element
will often result in harmful oscillations in the frequency and/or phase of the clock signal adjusted.

Summary of the invention

[0005] The invention is directed to a novel arrangement for adjusting a clock signal in a first network element of a
communications network, which first network element is arranged to receive synchronisation messages from at least
two other network elements and includes an adjustable clock signal source to provide the clock signal. An arrangement
according to the invention has a processor device arranged to:

- produce a control variable containing information about synchronisation messages received from the at least two
other network elements, and

- adjustthe clock signal based on the difference between the control variable and reference value of the control variable.

[0006] The control variable mentioned above is advantageously e.g. a phase-indicator-weighted sum where each
phase indicator is a quantity computed on the basis of synchronisation messages received from a certain sending network
element, the temporal change in the quantity indicating the temporal change of the clock signal to be adjusted compared
to the phase of the clock signal in the sending network element.

[0007] A situation in which the reception from a sending network element of good enough synchronisation messages
ceases will not disturb the frequency and/or phase of the clock signal to be adjusted to such an extent as in the prior art
solution described above, because in the arrangement according to the invention, only a part of the control variable used
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for the adjustment of the clock signal depends on synchronisation messages sent by an individual network element.
[0008] In an arrangement according to an advantageous embodiment of the invention the processor device is addi-
tionally arranged to:

- determine which portion of the reference value of the control variable corresponds to synchronisation messages
received from each of the at least two other network elements, and

- inresponse to a situation where the first network element ceases to receive from one of the at least two other network
elements synchronisation messages that meet a predetermined quality criterion, change the reference value of the
control variable by an amount equalling a certain portion of the reference value of the control variable, which portion
corresponds to the network element from which the first network element has ceased to receive synchronisation
messages meeting the predetermined quality criterion.

[0009] An arrangement according to the embodiment described above makes it possible to reduce the change of the
difference between the control variable and its reference value in a situation where the reception from a sending network
element of synchronisation messages of a good enough quality ceases, thus further reducing disturbances produced
in the frequency and/or phase of the clock signal to be adjusted.

[0010] Theinventionis also directed to a novel network element which includes a receiver for receiving synchronisation
messages from at least two other network elements and an adjustable clock signal source for producing a clock signal.
A network element according to the invention has a processor device arranged to:

- produce a control variable containing information about synchronisation messages received from the at least two
other network elements, and

- adjust the clock signal based on the difference between the control variable and a reference value of the control
variable.

[0011] In a network element according to an advantageous embodiment of the invention the processor device is
additionally arranged to:

- determine which portion of the reference value of the control variable corresponds to synchronisation messages
received from each of the at least two other network elements, and

- inresponse to a situation where the reception from one of the at least two other network elements of synchronisation
messages meeting a predetermined quality criterion ceases, change the reference value of the control variable by
an amount equalling a certain portion of the reference value of the control variable, which portion corresponds to
the network element from which the reception of synchronisation messages meeting the predetermined quality
criterion has ceased.

[0012] The invention is also directed to a novel method for adjusting a clock signal in a first network element of a
communications network, which first network element is arranged to receive synchronisation messages from at least
two other network elements and includes an adjustable clock signal source to provide the clock signal. In a method
according to the invention:

- a control variable is produced containing information about synchronisation messages received from the at least
two other network elements, and

- the clock signal is adjusted based on the difference between the control variable and reference value of the control
variable.

[0013] Further, in a method according to an advantageous embodiment of the invention:

- itis determined which portion of the reference value of the control variable corresponds to synchronisation messages
received from each of the at least two other network elements, and

- inresponse to a situation where the first network element ceases to receive from one of the at least two other network
elements synchronisation messages meeting a predetermined quality criterion, the reference value of the control
variable is changed by an amount equalling a certain portion of the reference value of the control variable, which
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portion corresponds to the network element from which the first network element has ceased to receive synchroni-
sation messages meeting the predetermined quality criterion.

[0014] The invention is also directed to a computer program for adjusting a clock signal in a network element of a
communications network, which network element is arranged to receive synchronisation messages from at least two
other network elements and includes an adjustable clock signal source to provide the clock signal. A computer program
according to the invention includes instructions readable by a programmable processor for making said programmable
processor:

- produce a control variable containing information about synchronisation messages received from the at least two
other network elements, and

- adjustthe clock signal based on the difference between the control variable and reference value of the control variable.

[0015] A computer program according to an advantageous embodiment of the invention also includes instructions
readable by a programmable processor for making the programmable processor:

- determine which portion of the reference value of the control variable corresponds to synchronisation messages
received from each of the at least two other network elements, and

- inresponse to a situation where the reception from one of the at least two other network elements of synchronisation
messages meeting a predetermined quality criterion ceases, change the reference value of the control variable by
an amount equalling a certain portion of the reference value of the control variable, which portion corresponds to
the network element from which the reception of synchronisation messages meeting the predetermined quality
criterion has ceased.

[0016] The computer program may be stored on a storage medium or coded into a signal which can be received from
a communications network, for example. The storage medium may be a compact disc (CD) or random access memory
(RAM) chip, for example.

[0017] The invention is further directed to a storage medium readable by a programmable processor, such as e.g. a
CD or RAM chip containing the computer program according to the invention.

[0018] The various embodiments of the invention are characterised by that which is specified in the dependent claims.

Brief description of the drawings

[0019] Embodiments of the invention and their advantages will now be described in closer detail with reference to the
embodiments presented as examples and to the accompanying Figures where:

Fig. 1 shows in the form of a block diagram an example of a communications network comprising an arrangement
according to an embodiment of the invention for adjusting a clock signal,

Fig. 2 shows a network element of a communications network comprising an arrangement according to an embod-
iment of the invention for adjusting a clock signal,

Fig. 3 shows a network element of a communications network comprising an arrangement according to an embod-
iment of the invention for adjusting a clock signal,

Fig. 4 shows a network element of a communications network comprising an arrangement according to an embod-
iment of the invention for adjusting a clock signal,

Fig. 5 shows in the form of flow diagram a method according to an embodiment of the invention for adjusting a clock
signal, and

Fig. 6 shows in the form of flow diagram a method according to an embodiment of the invention for adjusting a clock
signal.
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Detailed description of embodiments of the invention

[0020] Fig. 1 shows in the form of block diagram an example of a communications network comprising an arrangement
according to an embodiment of the invention for adjusting a clock signal. A communications network comprises a first
network element 101 and second network elements 102, 103, 104, and 105. Other parts of the communications network
are represented by the crosshatched area 199. Network element 101 is arranged to receive synchronisation messages
from network elements 102, 103, 104, and 105 via the communications network 199. Synchronisation messages S1
sent by network element 102 are marked with reference number 106 in Fig. 1, synchronisation messages S2 sent by
network element 103 are marked with reference number 107, synchronisation messages S3 sent by network element
104 are marked with reference number 108, and synchronisation messages S4 sent by network element 105 are marked
with reference number 109. Each of the network elements 102 to 105 is arranged to send the synchronisation messages
106, 107, 108, or 109 timed by a clock signal 125, 126, 127, or 128 of the network element in question. The clock signals
125 to 128 may originate from a single source or from several different sources. Network element 101 has an adjustable
clock signal source 110 arranged to produce an adjustable clock signal 115. The adjustable clock signal source may be
a voltage controlled oscillator (VCO) or numerically controlled oscillator (NCO), for instance. The arrangement for ad-
justing the clock signal 115 comprises a processor device consisting of functional blocks 111 to 114, which processor
device is adapted to produce a control variable 116 containing information about synchronisation messages 106 to 109
received from more than one network element 102 to 105. The processor device is further adapted to adjust the clock
signal 115 on the basis of the difference 118 between the control variable 116 and its reference value 117. A situation
in which a network element 101 stops receiving good enough synchronisation messages from a sending network element
102, 103, 104 or 105, will not unreasonably disturb the frequency and/or phase of the clock signal 115 to be adjusted,
because only a certain portion of the control variable 116 used for the adjustment of the clock signal depends on
synchronisation messages sent by an individual network element 102, 103, 104 or 105. The functional blocks 111 to
114 in the processor device can be implemented by software using one or more programmable processors, for example.
The functional blocks may also be implemented using one or more application specific integrated circuits or a hybrid
solution including one or more programmable processors, the software required, and one or more application specific
integrated circuits.

[0021] Functional block 111 in the processor device is arranged to produce phase indicators 120 to 123. Temporal
change of phase indicator 120 indicates the temporal change in the phase of the clock signal 115 to be adjusted compared
to the phase of the clock signal 125 of network element 102, temporal change of phase indicator 121 indicates the
temporal change in the phase of the clock signal 115 to be adjusted compared to the phase of the clock signal 126 of
network element 103, temporal change of phase indicator 122 indicates the temporal change in the phase of the clock
signal 115 to be adjusted compared to the phase of the clock signal 127 of network element 104, and temporal change
of phase indicator 123 indicates the temporal change in the phase of the clock signal 115 to be adjusted compared to
the phase of the clock signal 128 of network element 105.

[0022] Phase indicator 120, 121, 122 or 123 corresponding to a received synchronisation message may comprise the
difference between the synchronisation message reception time and transmission time, for example. The reception time
is indicated using the clock signal 115 to be adjusted and the transmission time is indicated using the clock signal 125,
126, 127 or 128 of the sending network element 102, 103, 104 or 105. The transmission time is transferred to the network
element 101 advantageously as information, i.e. a time stamp, carried by the synchronisation message. Synchronisation
messages may be e.g. messages carrying time stamps in accordance with the IEEE1588v2 (Institute of Electrical and
Electronics Engineers) protocol. Other possible ways of producing phase indicators are presented later in this document.
[0023] Functional block 112 in the processor device is adapted to combine the information contained in the phase
indicators 120 to 123 to produce a control variable 116. Thus the control variable 116 contains information about syn-
chronisation messages 106 to 109 received from more than one network element 102 to 105.

[0024] Functional block 113 in the processor device advantageously comprises a low-pass filter arranged to filter the
difference 118 between the control variable 116 and its reference value 117 to produce a control signal 119. The control
signal 119 is arranged to adjust the clock signal source 110. The reference value 117 is typically a constant value so
that the frequency and possibly also phase of the clock signal 115 to be adjusted can be locked to the phases of clock
signals 125 to 128. Functional block 114 in the processor device is arranged to store the reference value 117. The
reference value 117 may be a predetermined constant value. It is also possible that the functional block 114 is arranged
to calculate a mean or low-pass filtered value for the reference value 116 during the initialisation period and use the
calculated mean or low-pass filtered value as the reference value 117 during normal operation.

[0025] In an arrangement according to an embodiment of the invention for adjusting a clock signal 115, the functional
block 114 in the processor device is arranged to determine which portions of the reference value 117 of the control
variable correspond to synchronisation messages received from each of the network elements 102 to 105. The functional
block 114 is further arranged to change the reference value of the control variable by an amount corresponding to a
certain portion of the reference value of the control variable, which portion corresponds to the network element 102,
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103, 104 or 105 from which the reception of synchronisation messages meeting a predetermined quality criterion has
ceased. An arrangement according to this embodiment makes it possible to reduce the change of the difference 118
between the control variable and its reference value in a situation where the reception from a sending network element
102, 103, 104 or 105 of synchronisation messages of a good enough quality ceases. Thus it is possible to reduce
disturbances produced in the frequency and/or phase of the clock signal 115 to be adjusted. Reception of synchronisation
messages meeting a predetermined quality criterion may cease in a situation in which a sending network element
becomes inoperative or in a situation in which the link to a sending network element breaks or in a situation in which the
quality of the link deteriorates e.g. due to re-routing to such an extent that the quality of the synchronisation messages
is no longer good enough because of excessive variation in the transfer delay, for instance.

[0026] In an arrangement according to an embodiment of the invention the functional block 114 is further arranged to
change the reference value of the control variable by an amount corresponding to a certain portion of the reference
value of the control variable, which portion corresponds to the network element 102, 103, 104 or 105 from which the
receiving network element has begun to receive synchronisation messages meeting a predetermined quality criterion.
An arrangement according to this embodiment makes it possible to reduce the change of the difference 118 between
the control variable and its reference value in a situation where the receiving network element begins to receive from a
sending network element 102, 103, 104 or 105 synchronisation messages of a good enough quality. Thus it is possible
to reduce disturbances produced in the frequency and/or phase of the clock signal 115 to be adjusted. Reception of
synchronisation messages meeting a predetermined quality criterion may begin in a situation in which a sending network
element becomes operative or in a situation in which the link to a sending network element is established or in a situation
in which the quality of the link improves e.g. due to re-routing to such an extent that the quality of the synchronisation
messages is good enough.

[0027] To illustrate, let us consider a situation, for example, in which synchronisation messages of a good enough
quality are received from network elements 102, 103, and 104 and synchronisation messages which are of insufficient
quality are received from network element 105. In an arrangement according to an embodiment of the invention the
functional block 112 is arranged to produce a weighted sum of phase indicators 120 to 122 and to set the weighted sum
as control variable 116. Then the control variable 116 can be expressed as:

S = Wip1 + Wop2 + W3ps, (1)

where s is the control variable 116, p4, p5, and p3 are the phase indicators 120 to 122 and w,, w,, and w; are weight
coefficients. The difference 118 between the control variable 116 and its reference value 117 is produced as follows:

€ = W1p1 + Wop2 + Wap3 —d, (2)

where e is the difference between the control variable and its reference value and d is the reference value. Functional
block 114 is arranged to produce temporal means <p,>, <p,>, and <p5> for the phase indicators 120 to 122. The temporal
means may be produced using infinite impulse response (lIR) or finite impulse response (FIR) based low-pass filtering,
for example. The control loop consisting of the processor device 111 to 114 and adjustable clock signal source 110
adjusts the frequency of the clock signal 115 so as to keep the difference e as constant as possible.

[0028] Let us assume, for example, that the reception from a network element 102, 103 or 104 of good enough
synchronisation messages ceases, i.e. synchronisation messages are no longer received from the network element at
all or the synchronisation messages received do not meet the predetermined quality criteria e.g. with regard to the
variation of transfer delay. Without limiting generality, we can assume that good enough synchronisation messages are
no longer received from network element 102. Term w4p4 is thus removed from the equation (1). The removal of the
term from the equation (1) results in a change in the gain of the control loop consisting of the processor device 111 to
114 and adjustable clock signal source 110. This change can be compensated for by multiplying the remaining weight
coefficients w, and wj by a constant K which is expressed as

K= (W1 + Wy + W3) / (W2 + Wg). (3)

[0029] The change in the temporal mean of the control variable s is:



10

15

20

25

30

35

40

45

50

55

EP 2 209 239 A2

A1 = Wo<po> + W'3<p3> — (W1<p1> + Wo<po> + W3<ps>), (4)

where W', = Kw, and w’3 = Kwy. The effect of the change according to equation (4) can be compensated for by altering
the reference value d of the control variable 116 as follows:

Orew = d + A1, (9)

[0030] In other words, the reference value 117 of the control variable 116 is changed by a portion which corresponds
to synchronisation messages received from network element 102, and advantageosly also the change caused in the
gain of the adjustment of the clock signal 115 is compensated for.

[0031] To illustrate the operation of a system according to an embodiment of the invention, let us consider a second
example situation in which synchronisation messages of a sufficient quality are being received from network elements
102, 103, and 104 and synchronisation messages which are of a sufficient quality are now beginning to be received
from network element 105. A term w,p, is thus added in the equation (1), where p, is a phase indicator 123 and w, is
the weight coefficient of that phase indicator. The change in the gain of the adjustment of the clock signal 115 can be
compensated for by multiplying the weight coefficients w4, w,, w3, and w, by a constant G which is expressed as

G=(W1+W2+W3)/(W1+W2+W3+W4). (6)
[0032] The change in the temporal mean of the control variable s is:

A2 = W”1<p1> + W”2<p2> + W”3<p3> + W”4<p4>

— (Wi<p1> + Wo<p2> + W3<ps>), (7)

where <p,> is the temporal mean of the phase indicator 123, calculated using e.g. IR or FIR based low-pass filtering,
and w"y = Gwy, w"y = Gw,, W"3 = Gwy and w", = Gw,. The effect of the change according to equation (7) can be
compensated for by altering the reference value d of the control variable 116 as follows:

Onew = d + A2. (8)

[0033] Inanarrangement according to an embodiment of the invention the functional block 112 is arranged to produce
a weighted sum of phase indicators 120 to 123 and to set the weighted sum as control variable 116. Functional block
111 is arranged to produce variation indicators which indicate temporal variation of the transfer delay of synchronisation
messages received from each network element 102, 103, 104 or 105. These variation indicators may be e.g. variances
of phase indicators 120 to 123 or other variables indicating temporal variation of phase indicators. Functional block 112
is arranged to adjust the weight coefficients of the weighted sum on the basis of the variation indicators such that phase
indicators with less variation are given a larger weight coefficient than phase indicators with stronger variation. The
weight coefficients of the weighted sum are are thus adjusted on the basis of the transfer delay variation measured for
the received synchronisation messages such that a smaller measured transfer delay variation corresponds to a larger
weight coefficient than a larger measured transfer delay variation. Thus the portion of information represented by better-
quality synchronisation messages is emphasised in the adjustment of the clock signal 115 compared with the portion of
information represented by lower-quality synchronisation messages. The weight coefficients are advantageously ad-
justed continuously during normal operation.

[0034] In an arrangement according to an embodiment of the invention the processor device 111 to 114 is arranged
to adjust the relative weight in the control variable 116 of information represented by synchronisation messages received
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from one or more of the network elements 102, 103, 104 or 105 on the basis of information received from the network
element 102, 103, 104 or 105. The information may indicate e.g. the quality category of the clock signal 125, 126, 127
or 128 of the sending network element.

[0035] In an arrangement according to an embodiment of the invention network element 101 is arranged to send
synchronisation messages to at least one of the sending network elements 102 to 105 and the processor device 111 to
114 is arranged to adjust the relative weight in the control variable 116 of information represented by synchronisation
messages received from the at least one sending network element 102 to 105 on the basis of information received from
the at least one sending network element. To illustrate, let us consider a situation, for example, in which network element
102 sends synchronisation messages 106 to network element 101, and network element 101 sends synchronisation
messages 134 to network element 102. Sending of synchronisation messages 106 is timed by a clock signal 125, and
sending of synchronisation messages 134 is timed by the clock signal 115 to be adjusted. A similar operation may take
place between network element 101 and one or more of the network elements 103 to 105. Network element 101 adjusts
the clock signal 115 at least partly on the basis of information represented by synchronisation messages 106. Using the
synchronisation messages 134 and clock signal 125, network element 102 can produce an indicator indicating whether
the frequency of the clock signal 115 should be decreased or increased. The indicator can be transferred from network
element 102 to network element 101 e.g. as part of the information carried by synchronisation messages 106. In network
element 101 a phase indicator 120 indicates whether the frequency of the clock signal 115 should be decreased or
increased. Functional block 112 is arranged to give a weight to phase indicators 120, 121, 122, and/or 123 representing
those sending network elements 102, 103, 104, and/or 105 which send information indicating that the clock signal 115
should be adjusted in the direction indicated by the phase indicator 120, 121, 122 or 123 corresponding to the sending
network element, which weight is greater than that given to phase indicators 120, 121, 122, and/or 123 representing
those sending network elements 102, 103, 104, and/or 105 which send information indicating that the clock signal 115
should be adjusted against the direction indicated by the phase indicator 120, 121, 122 or 123 corresponding to the
sending network element. Thus in the adjustment of the clock signal 115, a greater weight is given to the information
represented by synchronisation messages which can be assumed to be more reliable and have a better quality.
[0036] Inanarrangement according to an embodiment of the invention the processor device 111 to 114 is arranged to:

- select from among synchronisation messages received from each of the network elements 102, 103, 104 or 105
those that have transfer delays which belong to a predetermined portion of statistical distribution of the transfer
delay, which portion includes the minimum value of the transfer delay, and

- set the weight in the control variable 116 of information represented by the selected synchronisation messages

larger than the weight in the control variable 116 of information represented by other synchronisation messages
received from the network element 102, 103, 104 or 105.
In the above-described arrangement according to an embodiment of the invention, information represented by
synchronisation messages that experienced a shorter transfer delay are given a larger weight than information
represented by synchronisation messages that experienced a longer transfer delay. For the adjustment of the clock
signal 115, the quality of the information represented by synchronisation messages which experienced a shorter
transfer delay is better, because a shorter transfer delay has a smaller portion of random type delay caused by
queueing of synchronisation messages in transmission and/or reception buffers of network elements in the com-
munications network.

[0037] In an arrangement according to an embodiment of the invention the processor device 111 to 114 is arranged
to produce temporal means for phase indicators 120 to 123, produce a weighted sum of the temporal means, and set
the weighted sum as control variable 116. The temporal means may be produced using infinite impulse response (IIR)
or finite impulse response (FIR) based low-pass filtering, for example.

[0038] In an arrangement according to an embodiment of the invention the processor device 111 to 114 is arranged
to produce a weighted sum the weighted components of which are the temporal means of the phase indicators and
those phase indicators that correspond to synchronisation messages the transfer delays of which belong to a predeter-
mined portion of statistical distribution of the transfer delay, which portion includes the minimum value of the transfer
delay. The processor device 111 to 114 is arranged to set the weighted sum as control variable 116. In an arrangement
according to this embodiment of the invention, a portion representing disturbing random variation can be subtracted
from the control variable 116.

[0039] In the example situation depicted in Fig. 1, there are at most four sending network elements and thus at most
four phase indicators produced. An arrangement according to an embodiment of the invention for adjusting a clock signal
may also be used in a situation involving more than four sending network elements.

[0040] Fig. 2 shows a network element 201 of a communications network comprising an arrangement according to
an embodiment of the invention for adjusting a clock signal 215. The network elements comprises a receiver 231 for
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receiving synchronisation messages 206 to 208 from at least two other network elements. The receiver comprises a
means arranged to indicate for each received synchronisation message information that identifies the network element
which sent the synchronisation message. The network element comprises an adjustable clock signal source 210 for
producing a clock signal 215. The network element comprises a processor device comprised of functional blocks 211,
212, 213, 214, and 229 which is arranged to:

- produce a control variable 216 containing information about synchronisation messages 206 to 208 received from
the at least two other network elements, and

- adjust the clock signal 215 based on the difference 218 between the control variable 216 and reference value 217
of the control variable.

[0041] Inanetwork element according to an advantageous embodiment of the invention the processor device 211-214,
229 is additionally arranged to:

- determine which portion of the reference value 214 of the control variable corresponds to synchronisation messages
received from each of the at least two other network elements, and

- inresponse to a situation where the reception from one of the at least two other network elements of synchronisation
messages meeting a predetermined quality criterion ceases, change the reference value of the control variable by
an amount equalling a portion of the reference value of the control variable, which portion corresponds to the network
element from which the reception of synchronisation messages meeting the predetermined quality criterion has
ceased.

[0042] Thereceiver213is arranged to read from a received synchronisation message a time stamp which corresponds
to the sending moment of the synchronisation message. The time stamp read operation is represented by a dotted line
230 in Fig. 2. The processor device comprises a functional block 229 arranged to produce a time of day 239 using the
clock signal 215. The functional block 229 may be a counter, for instance. Functional block 211 is arranged to produce
the difference between the time of day 239, which corresponds to the reception moment of a synchronisation message,
and time stamp read from the synchronisation message. This difference represents the phase indicator 220, 221, 222
or 223 which is used in producing the control variable 216.

[0043] Fig. 3 shows a network element 301 of a communications network comprising an arrangement according to
an embodiment of the invention for adjusting a clock signal 315. The arrangement is similar to that in the network element
depicted in Fig. 2 except for producing the phase indicators 320, 321, 322, and 323. An arrangement according to this
embodiment of the invention comprises a functional block 332 arranged to produce estimates for the sending moments
of received synchronisation messages 306 to 309. The functional block 332 may be e.g. a device consisting of a plurality
of parallel counters with a counter for each sending network element. Output 340 of each counter is increased by a
predetermined incrementin response to a situation where a synchronisation message is received from a sending network
element which corresponds to the counter in question. Adjustment of the clock signal 315 is based on the assumption
that each sending network element sends synchronisation messages at regular intervals and that the relationships
between the sending intervals of the sending network elements are known. The increment value of each counter indicates
how many cycles of the clock signal 315 there should be in the time interval between successive synchronisation
messages of the sending network element. In Fig. 3 the dotted line 333 represents triggering of the counter 332 in
response to a reception of a synchronisation message corresponding to the counter. Functional block 329 is arranged
to produce the time of day 339 using the clock signal 315. Functional block 311 is arranged to produce the difference
between the time of day 339 corresponding to the reception moment of a synchronisation message, and output value
340 of the counter corresponding to the synchronisation message. This difference represents the phase indicator 320,
321, 322 or 323 which is used in producing the control variable 316.

[0044] Fig. 4 shows a network element 401 of a communications network with buffer memories 435, 436, 437, and
438 for buffering received synchronisation messages 406, 407, 408, and 409 such that synchronisation messages
received from different network elements are placed in buffer memories which are separate at least logically. The buffer
memories can be implemented using one or more random access memory (RAM) circuits, for example. Clock signal
415 provides the timing for the reading of each buffer memory. Each buffer memory thus tends to become more full if
the frequency of the clock signal 415 is smaller than a value corresponding to the rate of arrival of data to be buffered
in the buffer memory. Conversely, each buffer memory tends to become less full if the frequency of the clock signal 415
is greater than a value corresponding to the rate of arrival of data to be buffered in the buffer memory. The network
element comprises an arrangement according to an embodiment of the invention for adjusting the clock signal 415. The
arrangement comprises a processor device consisting of functional blocks 412, 413, and 414, which processor device
is arranged to adjust the clock signal on the basis of the situation in the buffer memories 435, 436, 437, and 438.
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[0045] In an arrangement according to an embodiment of the invention the processor device 412 to 414 is arranged
to produce a weighted sum of the buffer times experienced by the received synchronisation messages 406 to 409 and
set the weighted sum as control variable 416. Then the phase indicators 420, 421, 422, and 423 in Fig. 4 represent the
buffer times experienced by the synchronisation messages. The buffer time experienced by each synchronisation mes-
sage indicates the filling degree of the buffer memory at the moment of arrival of the synchronisation message.

[0046] In an arrangement according to an embodiment of the invention the processor device 412 to 414 is arranged
to produce a weighted sum of the filling degrees of the buffer memories 435 to 438 reserved for the received synchro-
nisation messages 406 to 409 and set the weighted sum as the control variable 416. Then the phase indicators 420,
421, 422, and 423 in Fig. 4 represent the filling degrees of the buffer memories 435 to 438.

[0047] Each of the network elements 201, 301, and 410 in Figs. 2, 3, and 4 may be an Internet Protocol (IP) router,
Ethernet switch, base station of a mobile network, a multiprotocol label switching (MPLS) device or a combination of
any of the above.

[0048] Fig. 5 shows in the form of flow diagram a method for adjusting a clock signal in a first network element of a
communications network, which first network element is arranged to receive synchronisation messages from at least
two other network elements V1 to VN and includes an adjustable clock signal source to provide the clock signal. In the
method:

- a control variable is produced in step 501 containing information about synchronisation messages received from
the at least two other network elements, and

- the clock signal is adjusted in step 502 based on the difference between the control variable and reference value
of the control variable.

[0049] Fig. 6 shows in the form of flow diagram a method for adjusting a clock signal in a first network element of a
communications network, which first network element is arranged to receive synchronisation messages from at least
two other network elements V1 to VN and includes an adjustable clock signal source to provide the clock signal. In the
method:

- a control variable is produced in step 601 containing information about synchronisation messages received from
the at least two other network elements, and

- the clock signal is adjusted in step 602 based on the difference between the control variable and reference value
of the control variable,

- itis determined in step 603 which portion of the reference value of the control variable corresponds to the synchro-
nisation messages received from each of the at least two other network elements, and

- inresponse to a situation, step 604, where the first network element ceases to receive from one of the at least two
other network elements synchronisation messages meeting a predetermined quality criterion, the reference value
of the control variable is changed in step 605 by an amount equalling a portion of the reference value of the control
variable, which portion corresponds to the network element from which the first network element has ceased to
receive synchronisation messages meeting the predetermined quality criterion.

[0050] Ina method according to an embodiment of the invention there is produced a weighted sum of phase indicators
calculated on the basis of synchronisation messages received from the at least two other network elements, and the
weighted sum is set as the control variable, the temporal change of each phase indicator indicating the temporal change
of the phase of the clock signal compared to the phase of the clock signal in a second network element which is one of
the at least two network elements.

[0051] In a method according to an embodiment of the invention there is produced a weighted sum of buffer times of
synchronisation messages received from the at least two other network elements, and the weighted sum is set as the
control variable, where synchronisation messages received from different network elements are located in logically
separate buffer memories and the buffer time of each synchronisation message corresponds to the delay time of the
synchronisation message in the buffer memory used for the synchronisation message.

[0052] Inamethod according to an embodiment of the invention there is produced a weighted sum of the filling degrees
of buffer memories reserved for the synchronisation messages received from the at least two other network elements,
and the weighted sum is set as the control variable, where synchronisation messages received from different network
elements are located in logically separate buffer memories.

[0053] In a method according to an embodiment of the invention each weight coefficient of the weighted sum is set
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on the basis of transfer delay variation measured for synchronisation messages received from a second network element,
which is one of the at least two other network elements and corresponds to the weight coefficient in question, where a
smaller measured transfer delay variation corresponds to a larger weight coefficient than a greater measured transfer
delay variation.

[0054] In a method according to an embodiment of the invention the relative weight in the control variable of the
information represented by synchronisation messages received from a second network element, which is one of the at
least two other network elements, is adjusted on the basis of information received from the second network element.
[0055] In a method according to an embodiment of the invention:

- among synchronisation messages received from a second network element, which is one of the at least two other
network elements, it is selected those that have transfer delays which belong to a predetermined portion of statistical
distribution of the transfer delay, which portion includes the minimum value of the transfer delay, and

- the weightin the control variable of information represented by the selected synchronisation messages is set greater
than the weight in the control variable of information represented by other synchronisation messages received from
the second network element.

[0056] Ina method according to an embodiment of the invention there is produced a temporal mean of phase indicators
formed on the basis of synchronisation messages received from the second network element, and the temporal mean
of the phase indicators is set as a component in the control variable, the variation in the values of the phase indicators
indicating the temporal change of the phase of the clock signal compared to the phase of the clock signal in the second
network element.

[0057] In a method according to an embodiment of the invention the phase indicator corresponding to each received
synchronisation message is one of the following:

- difference between the value of the clock signal at the moment of reception of the synchronisation message and
the time of day or its estimate of the transmission moment of the synchronisation message,

- delay time of the synchronisation message in the buffer memory of the first network element, or
- filling degree of the buffer memory storing the synchronisation message in the first network element.

[0058] Inamethod according to an embodiment of the invention the synchronisation messages are messages carrying
time stamps in accordance with the IEEE1588v2 (Institute of Electrical and Electronics Engineers) protocol.

[0059] A computer program according to an embodiment of the invention comprises a software means for adjusting
a clock signal in a network element of a communications network, which network element is arranged to receive syn-
chronisation messages from at least two other network elements and includes an adjustable clock signal source to
provide the clock signal. Said software means comprises instructions readable by a programmable processor for making
said programmable processor:

- produce a control variable containing information about synchronisation messages received from the at least two
other network elements, and

- adjust the clock signal on the basis of the difference between the control variable and a reference value of the control
variable.

[0060] Inacomputer program according to an embodiment of the invention the software means also includes instruc-
tions readable by a programmable processor for making said programmable processor:

- determine which portion of the reference value of the control variable corresponds to synchronisation messages
received from each of the at least two other network elements, and

- inresponse to a situation where the reception from one of the at least two other network elements of synchronisation
messages meeting a predetermined quality criterion ceases, change the reference value of the control variable by
an amount equalling a portion of the reference value of the control variable, which portion corresponds to the network
element from which the reception of synchronisation messages meeting the predetermined quality criterion has
ceased.

11
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[0061] A computer program according to an embodiment of the invention is stored on a storage medium, such as an
optical compact disk (CD), readable by the programmable processor.

[0062] A computer program according to an embodiment of the invention is coded into a signal which can be received
from a communications network such as the Internet, for example.

[0063] A computer program according to an embodiment of the invention is coded on a memory medium according
to an embodiment of the invention, such as e.g. a CD or RAM chip, readable by a programmable processor.

[0064] As is obvious to a person skilled in the art, the invention and its embodiments are not limited to the illustrative
embodiments described above. Expressions used in the claims describing the existence of characteristic features, such
as "the arrangement comprises a processor device" are non-exclusive such that a mention of a characteristic feature
shall not exclude the existence of other characteristic features not mentioned in the independent or dependent claims.

Claims

1. An arrangement for adjusting a clock signal (115) of a first network element (101) of a communications network,
the first network element being arranged to receive synchronisation messages (106 to 109) from at least two other
network elements (102 to 105) and comprising an adjustable clock signal source (110) to produce the clock signal,
characterised in that the arrangement comprises a processor device (111 to 114) which is arranged to:

- produce a control variable (116) containing information about synchronisation messages received from the at
least two other network elements, and

- adjust the clock signal based on a difference (118) between the control variable and a reference value (117)
of the control variable.

2. An arrangement according to claim 1, characterised in that the processor device is further arranged to:

- determine which portion of the reference value of the control variable corresponds to synchronisation messages
received from each of the at least two other network elements, and

- in response to a situation where the first network element ceases to receive from one of the at least two other
network elements synchronisation messages meeting a predetermined quality criterion, change the reference
value of the control variable by an amount equalling a portion of the reference value of the control variable,
which portion corresponds to the network element from which the first network element has ceased to receive
synchronisation messages meeting the predetermined quality criterion.

3. An arrangement according to claim 1 or 2, characterised in that the proessor device is arranged to produce a
weighted sum of phase indicators calculated on the basis of synchronisation messages received from the at least
two other network elements and to set the weighted sum as the control variable, the temporal change of each phase
indicator indicating the temporal change of the phase of the clock signal (115) compared to the phase of the clock
signal (125 to 128) in a second network element (102 to 105) which is one of the at least two other network elements.

4. An arrangement according to claim 1 or 2, characterised in that the processor device is arranged to produce a
weighted sum of buffer times of synchronisation messages received from the at least two other network elements
and to set the weighted sum as the control variable, where synchronisation messages (406 to 407) received from
different network elements are located in logically separate buffer memories (435 to 438) and the buffer time of each
synchronisation message corresponds to the delay time of the synchronisation message in the buffer memory used
for the synchronisation message.

5. An arrangement according to claim 1 or 2, characterised in that the processor device is arranged to produce a
weighted sum of filling degrees of buffer memories (435 to 438) reserved for synchronisation messages received
from the at least two other network elements and to set the weighted sum as the control variable, where synchro-
nisation messages (406 to 407) received from different network elements are located in logically separate buffer
memories (435 to 438).

6. An arrangement according to any one of claims 3 to 5, characterised in that the processor device is arranged to
adjust the weight coefficient of the weighted sum on the basis of transfer delay variation measured for synchronisation
messages received from a second network element, which is one of the at least two other network elements and
corresponds to the weight coefficient in question, where a smaller measured transfer delay variation corresponds
to a larger weight coefficient than that of a greater measured transfer delay variation.
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An arrangement according to claim 1 or 2, characterised in that the processor device is arranged to adjust the
relative weight in the control variable of the information represented by synchronisation messages received from a
second network element, which is one of the at least two other network elements, on the basis of information received
from the second network element.

An arrangement according to claim 1 or 2, characterised in that the processor device is arranged to:

- select from among synchronisation messages received from a second network element, which is one of the
at least two other network elements, those that have transfer delays which belong to a predetermined portion
of statistical distribution of the transfer delay, which portion includes the minimum value of the transfer delay, and
- set the weight in the control variable of information represented by the selected synchronisation messages
greater than the weight in the control variable of information represented by other synchronisation messages
received from the second network element.

An arrangement according to claim 8, characterised in that the processor device is arranged to produce a temporal
mean of phase indicators formed on the basis of synchronisation messages received from the second network
element and to set the temporal mean of the phase indicators as a component in the control variable, the variation
in the values of the phase indicators indicating the temporal change of the phase of the clock signal compared to
the phase of the clock signal in the second network element.

An arrangement according to claim 9, characterised in that a phase indicator corresponding to each received
synchronisation message is one of the following:

- difference between the value of the clock signal at the moment of reception of the synchronisation message
and the time of day or its estimate of the transmission moment of the sychronisation message,

- delay time of the synchronisation message in the buffer memory of the first network element, or

- filling degree of the buffer memory storing the synchronisation message in the first network element.

An arrangement according to claim 1 or 2, characterised in that the synchronisation messages are messages
carrying time stamps in accordance with the IEEE1588v2 (Institute of Electrical and Electronics Engineers) protocol.

A network element (201, 301, 401) comprising a receiver (231, 331, 431) for receiving synchronisation messages
from at least two other network elements and an adjustable clock signal source (210, 310, 410) for producing a
clock signal (215, 315, 415), characterised in that the network element comprises an arrangement according to
any one of claims 1 to 11 for adjusting the clock signal.

A network element according to claim 12, characterised in that the network element is one or more of the following:
an IP (Internet Protocol) router, an Ethernet switch, a base station of mobile network, and a multiprotocol label
switching (MPLS) device.

A method for adjusting a clock signal of a first network element of a communications network, the first network
element being arranged to receive synchronisation messages from at least two other network elements and com-
prising an adjustable clock signal source to provide the clock signal, characterised in that the method comprises:

- producing (501, 601) a control variable containing information about synchronisation messages received from
the at least two other network elements, and

- adjusting (502, 602) the clock signal on the basis of the difference between the control variable and a reference
value of the control variable.

A method according to claim 14, characterised in that the method comprises:

- determining (603) which portion of the reference value of the control variable corresponds to the synchronisation
messages received from each of the at least two other network elements, and

- in response to a situation (604) where the first network element ceases to receive from one of the at least two
other network elements synchronisation messages that meet a predetermined quality criterion, changing (605)
the reference value of the control variable by an amount equalling a portion of the reference value of the control
variable, which portion corresponds to the network element from which the first network element has ceased
to receive synchronisation messages that meet the predetermined quality criterion.
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16. A computer program for adjusting a clock signal in a network element of a communications network, the network
element being arranged to receive synchronisation messages from at least two other network elements and including
an adjustable clock signal source to provide the clock signal, characterised in that the computer program comprises
instructions readable by a programmable processor for making the programmable processor:

- produce a control variable containing information about synchronisation messages received from the at least
two other network elements, and

- adjust the clock signal based on the difference between the control variable and a reference value of the
control variable.

17. A computer program according to claim 16, characterised in that the computer program comprises instructions
readable by a programmable processor for making the programmable processor:

- determine which portion of the reference value of the control variable corresponds to synchronisation messages
received from each of the at least two other network elements, and

- inresponse to a situation where the reception from one of the at least two other network elements of synchro-
nisation messages meeting a predetermined quality criterion ceases, change the reference value of the control
variable by an amount equalling a portion of the reference value of the control variable, which portion corresponds
to the network element from which the reception of synchronisation messages meeting the predetermined
quality criterion has ceased.
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